Results from a panel discussion on Data Dissemination (Nuclear Data Web Sites and Publications, Nuclear Astrophysics) and International Collaborations (NRDC, NSDD, and WPEC) are presented. Challenges and exciting new developments in these areas are discussed.
INTRODUCTION
Presentations from a conference panel discussion session dedicated to "Data Dissemination and International Collaborations" are summarized. The session focused on issues that represent current challenges and future directions for the following:
• Nuclear data dissemination: web sites and publications.
• Nuclear Reaction Data Centers Network (NRDC).
• International Network of Nuclear Structure and Decay Data Evaluators (NSDD).
• Working Party on International Nuclear Data Evaluation Cooperation (WPEC).
• Nuclear Astrophysics.
Following brief oral presentations, members of the panel and the audience further discussed these topics. This article is organized in sections corresponding to the items listed above. The outcome of the oral presentations and the ensuing discussions are presented.
NUCLEAR DATA DISSEMINATION: WEB SITES AND PUBLICATIONS
The National Nuclear Data Center (NNDC) and the Nuclear Data Section of the International Atomic Energy Agency have recently completed a joint upgrade of their web services [1, 2] , in order to provide more powerful and flexible access to nuclear data. Improvements include new front pages, completely redesigned interfaces to most of the databases, and relational database software. As an example of the impact of these improvements on retrievals statistics, the NNDC monthly retrievals in 2004 divided by the 2003 values are shown in Fig. 1 , where an increase by a factor of about 2 is observed.
Looking towards the future, there are several enhancements that can be made to the current service. Among these are the developments of a common "look and feel" for the front-ends of the various databases. In addition, it should be possible to make use of new technology to integrate information from the various databases, allowing "cross-database" queries. Plans are underway to integrate various reaction databases. In the long term, this approach would help users find information even when they are not sure which particular database to look at. An important issue that can and should be addressed in the near future is the synchronization of nuclear data between data centers, particularly centers that serve the data publicly. A proliferation of web sites serving the same databases, with contents of much different vintage, can be confusing to the casual user. At present the NNDC and IAEA are exploring commercial replication options, in order to implement short-latency synchronization between the two centers. Once we gain experience with this technology, it should be possible to expand the synchronization to more data centers. As databases become more integrated, timely synchronization becomes even more important. It should be also noted that providing the best service to the end-user often means taking advantage of new technologies. There is a cost involved with learning and implementing technologies, but to some extent, this cost can be reduced by cooperating on development projects.
Another topic that should be kept in mind when designing new web products is the diversity in expertise and background of the user community. For instance, many products employ specific terminology, formats and procedures that can be understood only by people working in a given research area. Therefore, it would be useful to develop tools that will minimize difficulties to outside users. In order to address this issue, the Nuclear Data Center at Japan Atomic Energy Research Institute (JAERI/NDC) and the Japanese Charged Particle Nuclear Reaction Data Group (JCPRG) have initiated a joint project to develop a web-based utility called Combined System for Nuclear Data Utilization, Circulation and Transfer (CONDUCT). This product allows for the interactive retrieval, search and plot of experimental and evaluated data. An important feature is that no additional software on the client side is needed to use CONDUCT. A brief explanatory diagram can be seen in Fig. 2 . The system can also perform data processing and benchmark testing. Files containing evaluated nuclear data can be processed by various libraries to be used in reactor and shielding calculations. These libraries can be also used for benchmark calculations. Input data are semi-automatically prepared and benchmark calculations can be performed on the same server. Finally, a development relevant to nuclear dissemination is the possibility of expanding the scope of "Nuclear Data Sheets" [3] to include compilations and evaluations that are not directly tied to the ENSDF database. To make room, it is likely that the annual "Recent References" issue would be dropped. It is hoped that community input on this issue will help decide if there is a need for this, and help to determine the new scope of the journal.
NUCLEAR REACTION DATA CENTERS NETWORK
The Nuclear Reaction Data Centers Network (NRDC) provides services on a worldwide scale through the collection, compilation, review, and distribution of nuclear data. While data collection and distribution include many data types, such as evaluated nuclear data libraries and nuclear structure and decay data, compilation efforts are focused on CSISRS/EXFOR, the database for experimental nuclear reaction data, and CINDA, a bibliography of microscopic neutron data (soon to be extended to include charged particle and photonuclear data). While CSISRS/EXFOR was originally started for neutron data below 20 MeV only, emphasis has shifted to both higher energies and charged-particle induced reactions, reflecting many new nuclear applications and research fields. This trend is illustrated in Fig. 3 . About 1400 additional works (old and new literature) were added to the database in 2003/2004 (corresponding to an increase of about 10%), of which approximately 80% are for charged-particle induced reactions. CSISRS/EXFOR contains approximately 14400 works with 100000 data tables and more than 8 million data lines. Besides the ongoing efforts to cover recent experiments, compilation efforts are focused on cross section data for ion beam analysis, medical applications, and astrophysics. Many important "old" data from these fields of interest are missing from the database and are being added on a continuing basis. On the other hand, data from many recent publications are complex at the higher energies of most interest in basic research. As a consequence of the limited manpower for data compilation, the urgent need to incorporate cross sections from old literature for a particular nuclear application is sometimes in competition with maintaining the coverage of the most recent papers describing more "exotic" data types. There is a tendency to publish numerical data only in graphical form for both data categories, as opposed to the neutron data of earlier years, which means that either the authors have to be contacted for the numerical data, or the published graphs need to be digitized (accounting for delays in adding the numerical data to the database).
The data centers make efforts to maintain as many contacts with authors of experimental works as possible, to make sure that authors make unpublished numerical data available to the NRDC and cooperate in any revisions of their data in CSISRS/EXFOR. This means that the database is kept alive and useful in ways that go beyond any purely bibliographic system and all authors of experimental nuclear reaction data are invited to cooperate with NRDC.
INTERNATIONAL NETWORK OF NUCLEAR STRUCTURE AND DECAY DATA EVALUATORS
The most extensive and greatly appreciated nuclear structure and decay-data evaluations are undertaken as part of the formulation of the Evaluated Nuclear Structure Data File (ENSDF), through the dedicated work programmes of the International Network of Nuclear Structure and Decay Data Evaluators (NSDD) [4] . A major aim of these efforts is to ensure the maintenance of a fully comprehensive set of nuclear structure and decay data by evaluating all relevant experimental studies. Data evaluated by members of the NSDD network are included in ENSDF, and published in various forms within Nuclear Physics A and Nuclear Data Sheets. All of these recommended values are also available to users through various other media, such as the Web, CD-ROM, wall charts of nuclides, handbooks, and nuclear wallet cards. Staff at the US National Nuclear Data Center (NNDC) at Brookhaven National Laboratory oversees this work, while the IAEA Nuclear Data Section (IAEA-NDS) organizes the biennial meeting of the network of data centers and groups participating in the compilation, evaluation and dissemination of NSDD. These resulting debates assist in the maintenance of the files and improvements to the agreed evaluation methodology and associated procedures.
Both the ENSDF master database and Nuclear Science References bibliographic database are maintained and administered by the NNDC; data from the latest version of ENSDF are also available from other national and international distribution centres. Current NSDD membership can be found in the NSDD web page [5] .
The survival of this essential work programme is heavily dependent on the recruitment of new evaluators into the network over this next decade. Therefore, efforts have been initiated by the IAEA-NDS in an attempt to ensure this multinational effort continues in the foreseeable future through the establishment of regular 2-week workshops to attract and encourage new ENSDF evaluators, and modest funding of the initial work by those interested in becoming evaluators from within developing countries. A typical agenda of the workshop can be seen in Table 1 , with the emphasis placed on workshop activities by the participants.
Additionally, since the development of the ENSDF format and associated evaluation tools, the number of detectors and their capabilities used in experimental studies has increased, resulting in quite complex level schemes. A thorough review of the evaluators needs is required; for example, among possible changes are the implementation of an XML-based format and the development of user-friendly graphical interfaces. 
WORKING PARTY ON INTERNATIONAL NUCLEAR EVALUATION COOPERATION
The Working Party on International Nuclear Evaluation Cooperation (WPEC) [6] is an official activity of the Nuclear Science Committee of the Organisation for Economic Co-operation and Development (OECD), Nuclear Energy Agency (NEA). It coordinates an international collaboration in data evaluation to improve the quality and completeness of the data, while optimizing the available resources. The working party also promotes nuclear data measurements needed to support these evaluation activities. The participants include representatives of the ENDF (USA), JEFF (Europe), and JENDL (Japan) evaluation projects, as well as the International Atomic Energy Agency (IAEA) and evaluation projects from Russia (BROND) and China (CENDL).
Sixteen studies have been completed so far covering a wide range of areas, such as delayed neutron data, fission neutron spectra, and epithermal capture of 235 U. Six short-term sub-groups and three long-term sub-groups are ongoing. Current long-term activities comprise the development of nuclear reaction physics modules, a forum for discussion of issues related to the format and processing of the ENDF formatted data, and the development and maintenance of a list of high-priority needs for nuclear data measurements and evaluations. An important ongoing short-term project is the investigation of the origin of light water reactor reactivity underprediction. Current efforts in this framework focus on the improvement of nuclear data for 238 U (inelastic cross-section and secondary energy distribution and thermal capture cross section). The findings of these international studies are usually adopted in the different evaluated libraries. As a result of these efforts, the most important discrepancies between data libraries are gradually being eliminated.
A question that has been asked at times by nuclear data users is: "why not aim at producing a single evaluated file." This question was again raised during the panel and was followed by a lively discussion. The arguments in favor of this option include the efficient use of (diminishing) resources by saving the duplicated efforts in assembling, checking, processing, and validating different evaluated files, to allow more resources to be devoted to the important task of nuclear data evaluation. The recent exercise on 238 U cross sections mentioned above has demonstrated the high efficiency obtained when combining the efforts of different evaluation projects on a common problem. The arguments against such a proposal include the concern to lose resources allocated to national projects if a single international project would be setup, and the need to preserve a degree of competition and intellectual capability to ensure innovation and high quality of work.
NUCLEAR ASTROPHYSICS
Nuclear physics supplies one set of input parameters among several others to astrophysical calculations that aim at understanding the chemical evolution in stars and element nucleosynthesis. Nuclear physics input is considered rather important, when constraining astrophysical parameter sets that are applied in understanding astronomical observations. Nevertheless, one has to recognize, that new experimental data on nuclear properties as well as self-consistent microscopic calculations, do not revolutionize astrophysics.
In terms of nuclear data needs for astrophysics, the description of quiescent nucleosynthesis, such as Hand He-burning as well as the s-process, requires the knowledge of reaction Q-values, charged particle reaction as well as neutron capture rates of up to 100 isotopes near β-stability. On the other hand, understanding explosive element generation, like the rp-and the r-process, requires information on nuclear masses, half-lives, β-delayed properties, neutron capture rates as well as nuclear structure properties for about 1000 isotopes far-off β-stability. A representation of the nuclear physics input required to model the r-process can be seen in Fig. 4 . Since there are few experimental data available on such nuclei, one has to rely on predictions given by mass models, gross theories, QRPA approaches, shell models, and β-strength functions.
Nuclear data libraries used frequently in explosive nucleosynthesis calculations are the Finite Range Droplet Mass (FRDM) model [7] and the recent Quasi-particle Random Phase Approximation (QRPA) calculations of β-decay properties [8] . The combination of these two models is currently the only tractable way to globally calculate the required nuclear structure and decay properties mentioned above. For the time being this represents the only unified nondivergent approach across the entire nuclear chart. Astrophysicists frequently use the experimental databases for nuclear and decay properties from Audi et al. [9] in combination with the half-lives and neutron emission probabilities of Pfeiffer et al. [10] . The nuclear reaction data needed encompass a large number of targets across a wide range of masses, which may involve highly unstable targets in order to underpin reliable predictions of nuclear properties far off stability. Center-of-mass energies need to be rather low, i.e., < 1 MeV for neutrons, < 4-5 MeV for protons, and < 10 MeV for alpha particles. The astrophysical reaction rates of interest are obtained from the integration of cross sections in a given energy range, i.e., Maxwellian averaged cross sections. Thermally excited targets are also needed in addition to ground-state ones, as well as reverse reaction rates, which may be determined by detailed balance. Additionally, the special formats used in astrophysics should be provided. The standard rates from the NON-SMOKER code [11] are especially adapted to astrophysics needs, and a rate library was created with fits of 5000 targets and 30000 reactions. Temperature and energy applicability limits are given, and tables of rates, cross sections, inputs, etc., are available on the Internet [12] .
CONCLUSIONS
The fast development of computer technologies in recent years has had a deep impact on the dissemination of nuclear data. Web users can nowadays run complex applications interactively and have full access to large databases, whereby subtle features can be uncovered with the use of a large number of joined queries. The development of easy-touse yet appealing interfaces that can query several databases simultaneously is one of the goals for the future. Paper publications have also been affected by the same technological advancements. For instance, the majority of journals post their articles on-line and a number have undergone extensive transformations. Consideration is also being given to changes in the scope of Nuclear Data Sheets, which has mainly been dedicated to publish ENSDF evaluations.
The work of NRDC members has traditionally been involved with neutron-induced reactions. However, in the last few years, the effort spent in compiling charged-particle data has increased, due to the demands from various applied fields and astrophysics.
NSDD has been successful in producing ENSDF, which is the only comprehensive and regularly evaluated nuclear structure and decay database in existence. The adoption of a more modern format and the development of an editor to facilitate viewing ENSDF files are among future developments. An important challenge for NSDD will be to replace the ranks of retiring evaluators. The IAEA has been instrumental in setting up workshops to identify and train future ENSDF evaluators, and is responsible for the commendable support of physicist from developing nations.
WPEC coordinates the collaboration between the major nuclear reaction data evaluation efforts in the world with the goal to improve the quality and completeness of the data libraries and to promote the efficient use of available resources through international collaboration. The long-term goal is to eliminate the most significant discrepancies between the data libraries.
The field of nuclear astrophysics has been filled with excitement, in part due to new results from orbiting observatories and experiments using exotic beams. Nuclear data are extensively used, and in turn, produced in many nuclear astrophysics research projects. A closer interaction between both communities will be mutually beneficial.
In summary, a brief study has been made of the challenges and trends in the fields of nuclear data dissemination and international collaborations. Future initiatives such as improved methods for fissile materials identification, powerful exotic beam accelerators, Gen-IV reactors, and long-term human space exploration will surely reshape and invigorate these activities.
